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012.10.0Abstract Adhesives play a fundamental role in many modern technologies, and adhesive failure
can have catastrophic consequences. It is, therefore, valuable to understand the factors important
for the production of a good durable adhesive bond. The additives are also used to enrich the prop-
erties. The objective of this paper is to increase the drying speed of the starch adhesive by adding
suitable additives and thereby increasing the production speed of corrugated board manufacturing.
The other functional additives that could be incorporated in minor amounts for better drying speed
are studied and selected. Their properties such as drying speed, strength, viscosity and pH are
tested. The results from the tests are compared and the best additive for fast drying is selected.
ª 2013 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Corrugated cardboard packaging is produced out of renewable
raw materials, which can be optimally integrated into cycles of
valuable substances [1]. The overall strength and performance
of a corrugated container are dependent on many factors, such
as the engineering mechanical properties of the components
(liner, medium, and adhesive), the manufacturing quality
control protocol, machine precision, and the human factor
involved in the corrugation process. The majority ofia@gmail.com (M. Vishnu-
lty of Engineering, Alexandria
g by Elsevier
g, Alexandria University. Product
02starch-derived adhesives are used in the paper and textile
industries as binders and sizing materials. Corrugated board
is produced by the adhesion of a ﬂuted layer of paper to a ﬂat
layer. A two-phase starch adhesive is commonly used to join
the two layers. The liquid phase, a gelled mixture of starch
and sodium hydroxide in water, is called the carrier. The solid
phase of ungelled starch and borax is suspended in the carrier
phase [2–3]. The mixture is applied to a warm ﬂuted sheet,
which is then placed into contact with a hot ﬂat sheet. The un-
gelled starch gels from the heat of the sheets. Three types of
adhesives are used in the manufacture of paper bags and sacks:
side-seam adhesive, bottom paste, and cross paste. During pro-
duction of a single-layer bag, the paper is ﬁrst formed into a
long tube held together by side-seam adhesive. To be compat-
ible with machinery used in this process, the adhesive needs a
viscosity in the range 2–4 Pa s with a solids content of 20–22%.
Generally, the side-seam adhesive is made using high-soluble
white dextrin or acid-modiﬁed starch, so the viscosity of the
suspension remains low. Bottom paste adhesive is used to closeion and hosting by Elsevier B.V. All rights reserved.
Table 1 Prepared samples.
Sample I Adhesive
Sample II Adhesive + 5% urea
Sample III Adhesive + 10% urea
Sample IV Adhesive + 0.5% PVA
Sample V Adhesive + 5% sodium nitrate
Sample VI Adhesive + 10% sodium nitrate
Sample VII Adhesive + 1.5% PVA
138 M. Vishnuvarthanan, N. Rajeswarithe bottoms of the paper bags; it is much more viscous and has
greater tack than side-seam adhesive. The high tack is neces-
sary to keep the bags from opening after they have been
formed [4–7]. Bottom paste adhesives are usually composed
of white dextrins or starch; viscosity may be as high as
140 Pa s at 25 C. Cross paste adhesive is used only for the
manufacture of multiwall bags. It is similar to side-seam adhe-
sive, with extra requirement that it must not bleed through the
paper to other layers. This is achieved by the addition of min-
eral ﬁllers or poly(vinyl acetate). Water resistance of bag adhe-
sives can be improved by the addition of urea-formaldehyde or
poly(vinyl alcohol). Laminates prepared from paper or paper-
board may be bonded with carbohydrate adhesives. The prop-
erties of the adhesive used with each will differ greatly
depending on the surface of the material and the equipment
to be used for laminating. However, all laminating adhesives
should exhibit high tack, low penetration into the substrate,
and noncurling behavior. Cartons from corrugated board are
most often sealed with liquid glues or hot melt adhesives
[8–9]. However, dextrin adhesives are still used as a result of
their low cost and ready availability. Adhesives for sealing car-
tons must have low and stable viscosity, be able to form strong
bonds, and set up quickly. If staining of the carton is not a
concern, sodium hydroxide may be added to increase adhe-
sion. Adhesives for remoistening applications such as tapes,
stamps, labels, and envelope ﬂaps must be capable of rewett-
ing. Such adhesives should also be glossy, noncurling, and
nonblocking under humid conditions. This requires that the
formulation contain acid modiﬁed starch or high-soluble white
and yellow dextrins to allow a high solid content. A plasticizer
is added to prevent brittleness in the ﬁnal ﬁlm [10]. In tape and
stamps, the paper with adhesive has traditionally been run
over a bar to produce micro cracks in the adhesives layer, thus
rendering it noncurling. A similar effect has been achieved by
solvent deposition of the adhesive [11–13]. In this process, a
cold-water-soluble dextrin is suspended in an organic solvent,
where it is insoluble. When this suspension is applied to paper
and dries it leaves behind a layer of discrete dextrin particles,
which will not curl [14–15].
2. Materials
The adhesives used here are tapioca starch, borax and caustic
soda are procured from Chennai. The additives are urea, so-
dium nitrate and polyvinyl alcohol and the corrugated boards
are got from Angel Propack, Chennai.
3. Preparation method
The composition of the adhesives are 50 parts by weight of
tapioca starch, 2.5 parts by weight of caustic soda, 2 parts
by weight of borax, 150 parts by weight of water. The adhesive
is mixed with water and stirred with caustic soda for 15 min.
The slurry was soaked for 30 min to make a homogeneous li-
quid. Adhesive has the ratio 1:4, for one part of adhesive pow-
der four parts of water should be added. Along with this
adhesive urea, sodium nitrate and polyvinyl alcohol are added
in different proportions. Urea and sodium nitrate are added in
5–10% parts by weight of the adhesive and polyvinyl alcohol
in 0.5–1.5% parts by weight of the adhesive. The prepared
samples are listed in Table 1.For sample I, 50 g of adhesive powder is taken in a glass
beaker and 200 g of water is added to it. The content of the
beaker was mixed with an electrically driven blade stirrer until
uniform for 15 min. For sample II, into the 200 g of adhesive
composition, 10 g of urea is added. The mixture is mixed well
using the electrically driven blade stirrer. For sample III, into
the 200 g of adhesive composition, 20 g of urea is added and
mixed well using electrically driven blade stirrer. For sample
IV, since polyvinyl alcohol is not soluble in water, a completely
hydrolyzed PVA solution is prepared. A mixture of 1 g of PVA
and 200 g of water is taken in a glass beaker. This mixture is
heated to about 80 C until PVA is completely dissolved. This
PVA solution is added to 50 g of adhesive powder and mixed
well using electrically driven blade stirrer until uniform. For
sample V, into the 200 g of adhesive composition, 10 g of so-
dium nitrate is added. The mixture is mixed well using the elec-
trically driven blade stirrer. For sample VI, into the 200 g of
adhesive composition, 20 g of sodium nitrate is added and
mixed well using electrically driven blade stirrer. For sample
VII, a mixture of 3 g of PVA and 200 g of water is taken in
a glass beaker. This mixture is heated to about 80 C until
PVA is completely dissolved. This PVA solution is added to
50 g of adhesive powder and mixed well using electrically dri-
ven blade stirrer until uniform. But for 3 g of PVA the starch
adhesive gelled. Hence this sample became unusable.
4. Test methods
The following tests are carried out to ﬁnd the drying time, lap
shear strength, dry strength, viscosity, and pH.
4.1. Drying time
The drying time was calculated manually. Using the stop
clock, the drying time for the adhesive to set after it is covered
with the substrate (see Fig. 1).
4.2. Lap shear strength
It was calculated using the Universal Tensile testing machine of
Tinius Olsen 525. The corrugated ﬂute and the face are cut in
the ASTM D1002 standard of 10 · 2.5 cm. The adhesive is ap-
plied to an area of 1.25 · 2.5 cm and allowed to dry for 24 h.
Five specimens for each sample are prepared. All the samples
were preconditioned in a constant temperature humidity cham-
ber at the temperature of 20 C and 50% RH for certain hours.
After this the drying strength was calculated (see Fig. 2).
4.3. Viscosity and pH
The viscosity for the adhesive and is measured using B4 cup
viscometer. The pH is measured using pH testing machine.
Figure 1 Drying time for various samples.
Figure 2 Lap shear strength for various samples.
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Drying time is the period of time recommended for the adhe-
sive to set after it is covered with the substrate. The period re-
quired for the adhesive to set when applied on the ﬂutes of the
corrugated board is noted. The time taken for each sample for
complete drying is observed and listed in the Table 2. In this
the drying time is noted for different samples and it as found
to be the minimum for Adhesive + 0.5% PVA (Sample IV).
5.1. Lap shear strength
In the lap shear strength values, it has to be noted that Adhe-
sive + 0.5% PVA (Sample IV) has the highest value. The val-
ues are listed in Table 3.Table 2 Drying time.
Samples I II III IV V VI Average
Drying time (s) 122 112 84 67 88 75 91.33
Table 3 Lap shear strength.
Samples Lap shear strength (bar) Average
Specimen
1
Specimen
2
Specimen
3
Specimen
4
Specimen
5
I 0.1667 1.5787 2.0592 1.7945 1.6670 1.4532
II 1.9023 2.1475 1.5787 1.9514 1.9906 1.9141
III 1.4513 1.8141 1.9318 2.0690 1.8141 1.8160
IV 2.0396 2.0298 2.0102 2.1181 1.9023 2.0200
V 1.9906 1.8533 1.9023 1.5984 1.7552 1.8199
VI 1.5984 1.7749 2.1181 2.2455 1.7062 1.8886The laps shear strength with respect to time is calculated
and it is given in the Table 4.
5.2. Viscosity
The various viscosity value for different samples is calculated
(Table 5) and it is noted that the Adhesive + 0.5% PVA (Sam-
ple IV) has the lowest viscosity value.
5.3. pH
During the manufacturing process, starch granules can dam-
age. When a sample of starch containing an excessive amount
of damaged granules is mixed in a solution of caustic (alkali),
the starch swells at rapid rate. This results in a viscosity that isTable 5 Viscosity values.
Samples I II III IV V VI
Viscosity (s) 53 50 44 40 68 57
Table 4 Lap shear strength vs time.
Samples Lap shear strength (bar)
5 min 10 min 15 min 20 min 25 min 30 min
I 0.0883 0.0883 0.4118 0.4413 0.5197 0.5197
II 0.1275 0.2353 0.2451 0.2844 0.2942 0.5001
III 0.2157 0.2157 0.2844 0.3138 0.5099 0.5982
IV 0.2648 0.4609 0.4609 0.5687 0.5884 0.8923
V 0.1863 0.2059 0.2157 0.2353 0.2648 0.3922
VI 0.0588 0.0883 0.1373 0.2648 0.5099 0.5099
Table 6 Comparison table.
Samples I II III IV V VI Average
Drying time (s) 122 112 84 67 88 75 91.33
Lap shear strength (bar) 1.28 1.94 1.85 2.07 1.85 1.92 1.818
Viscosity (s) 53 50 44 40 68 37
pH 10–10.5 10–10.5 10–10.5 10–10.5 10–10.5 10–10.5
140 M. Vishnuvarthanan, N. Rajeswarihigher than normal. The drying time, lap shear strength, vis-
cosity and pH for various samples were compared and given
in Table 6. From the values the IVth sample has good value
as compared to others.
6. Conclusion
From the results it is concluded that polyvinyl alcohol has less
drying time of 67 s. The dry strength test also conﬁrms that
PVA dries faster. From the lap shear strength testing it is
proved that PVA has the highest strength of 2.06 kg/cm2.
But PVA also has higher strength than the existing adhesive
(2.07 kg/cm2). The viscosity test shows that PVA has high vis-
cosity of 40 s. The machine speed increases with increase in vis-
cosity. It is also more economical than other samples. Hence
0.5% of polyvinyl alcohol could be added with the existing
adhesive for increasing the drying rate and the production
speed.
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